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ELECTRONIC ENDOSCOPE WITH LIGHT-AMOUNT ADJUSTMENT APPARATUS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
5 The present invention relates to an electronic endoscope 

for observing or operating on the inside of an organ, such 
as a stomach. Particularly, the present invention relates 
to adjusting the brightness of a subject image displayed on 
a monitor. — 

10 ' 2 .Description of the Related Art 

In an electronic endoscope, light emitted from a light 
source passes through a fiber-optic bundle provided in a 
, video-scope, and is radiated from the tip of the video-scope 
via an illuminating lens. A subject to be observed is 

15 illuminated by the radiated light, and then a subject image 
is formed on an image sensor via an objective lens provided 
at the tip portion. Image signals generated in the image 
sensor are read and various processes are carried out on the 
image signals so that the subject image is displayed on the 

20 monitor. 

In general , to maintain proper brightness of the subject 
image, the quantity of light illuminating the subject is 
automatically adjusted. In a conventional electronic 
endoscope, for adjustment of the quantity of light, a stop 
25 (diaphragm) is provided between the light source and an 
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incident surface of the fiber-optic bundle, and is controlled 
such that the brightness of the displayed subject image is 
maintained at a constant level. A representative luminance 
value, indicating the brightness of the subject image is 
successively calculated on the basis of the image 
signals . Then , the control of the stop is performed at regular 
time-intervals , in accordance with the difference between the 
calculated luminance value and a reference value indicating 
a proper brightness. For calculating the luminance value, 
namely, for the metering, the average metering or the peak 
metering is performed. In the case of the average metering, 
an average value of one frame worth of the subject image is 
calculated. On the other hand, in the case of the peak metering, 
a relatively high luminance value among the one frame worth 
of the subject image is defined as the representative luminance 
value . The operator selects the metering method as required. 

The characteristics of the tip portion of the video-scope , 
such as the radius, the relative position of the objective 
lens and the illuminating lens , and so on, vary with the observed 
organ, such as a stomach, bronchi, a colon, and so 
on. Especially, the arrangement relationship between the 
objective lens and the illuminating lens is 
different. Consequently, the distribution characteristics 
of the light-amount on the image sensor vary with the 
characteristics of the tip portion. However, when the light 



adjustment is performed without regard to the tip 
characteristics, the luminance value cannot be properly 
calculated for a specific video-scope, so that the brightness 
of the subject image cannot be maintained at a proper level. 
SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to 
provide an electronic endoscope that properly adjusts the 
amount of light illuminating the subject in accordance with 
the tip characteristics of a connected video-scope. 

An electronic endoscope according to the present 
invention has a video-scope with an image sensor and a 
video-processor. A plurality of video-scopes are 

connectable to the video-processor , and the video-scope , which 
is one of the plurality of video-scopes, is selectively 
connected to the video-processor. The electronic endoscope 
has a light source that emits light. An illuminating lens and 
an objective lens are provided in the tip of the 
video-scope. The illuminating lens transmits the light, 
which is emitted from the light source and is radiated from 
the tip of the video-scope, to a subject so that the subject 
is illuminated. The objective lens forms a subject image on 
the image sensor. 

The electronic endoscope according to the present 
invention has further an image processor , a tip characteristic 
detector, a metering setter, a luminance calculator, and a 



light- amount adjuster. The image processor generates 
luminance signals from image signals, which are read from the 
image sensor. The tip characteristic detector detects the 
tip characteristics corresponding to the attached the 
5 video-scope. The tip characteristics include at least the 
arrangement relationship between the objective lens and the 
illuminating lens . The metering setter defines a plurality 
of division areas by dividing the total area of the subject 
image into a plurality of areas and sets a plurality o£ weighted 

10 coefficients corresponding to the plurality of division areas , 
in accordance with the tip characteristics. The luminance 
calculator calculates a plurality of segment luminance values 
corresponding to the plurality of division areas, and 
calculates a total luminance value indicating the total 

15 brightness of the subject image. At this time, the luminance 
calculator multiplies each of the plurality of the segment 
luminance values by a corresponding weighted coefficient among 
the plurality of weighted coefficients. The light-amount 
adjuster adjusts the quantity of light illuminating the 

20 subject in accordance with the total luminance value. 

The automatic light-amount adjustment apparatus for the 
electronic endoscope , according to the present invention , has 
an image processor that generates luminance signals from image 
signals read from the image sensor, a tip characteristic 

25 detector that detects the tip characteristics corresponding 
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to a type of the video-scope, a metering setter that defines 
a plurality of division areas by dividing the total area of 
the subject image into a plurality of areas and sets a plurality 
of weighted coefficients corresponding to the plurality of 
division areas, in accordance with the tip characteristics, 
a luminance calculator that calculates a plurality of segment 
luminance values corresponding to the plurality of division 
areas, and calculates a total luminance value indicating a 
total brightness of the subject image, by multiplying each 
of the plurality of the segment luminance values by a 
corresponding weighted coefficient among the plurality of 
weighted coefficients, and a light-amount adjuster that 
adjusts a quantity of light illuminating the subject in 
accordance with the total luminance value . The tip 
characteristics include at least the arrangement relationship 
between an objective lens and an illuminating lens provided 
in the tip of the video-scope. 

The electronic endoscope according to the present 
invention has a video-scope with an image sensor and a 
video-processor. The video-scope has an objective lens and 
an illuminating lens in a tip portion of the video-scope. The 
electronic endoscope has a luminance calculator and a 
light-amount adjuster. The luminance calculator divides the 
total area of a subject image into a plurality of division 
areas, assigns weighted areas to the plurality of division 



areas in accordance with the tip characteristics of the 
video-scope, which includes at least the arrangement 
relationship between an objective lens and an illuminating 
lens, and calculates a total luminance value of the subject 
5 image by putting the priority on the weighted areas relative 
to the other areas. The light-amount adjuster adjusts a 
quantity of light illuminating the subject in accordance with 
the total luminance value . 
BRIEF DESCRIPTION OF THE DRAWINGS 
10 The present invention will be better understood from 

the description of the preferred embodiment of the invention 
set fourth below together with the accompanying drawings, in 
which: 

Fig.l is a block diagram of an electronic endoscope 
15 according to the present embodiment. 

Figs.2A and 2B are views showing the tip portion of the 
video-scope and an image of both a subject and an implement. 

Fig. 3 is a view showing a main routine performed by the 
CPU of the video-processor. 
20 Fig. 4 is a view showing the photo-sensitive area of a 

CCD seen from the objective lens side. 

Fig. 5 is a view showing an interrupt routine associated 
with the automatic light-amount adjustment process performed 
in a light adjusting circuit. 
25 Fig. 6 is a view showing a subroutine of Step S202 in 



Fig . 5 . 

Fig. 7 is a view showing a subroutine of Step S203 in 

Fig. 5. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 Hereinafter, the preferred embodiment of the present 

invention is described with reference to the attached 
drawings . 

Fig . 1 is a block diagram of an electronic endoscope 
according to a present embodiment. 

10 In the electronic endoscope, a video-scope 50 with a 

CCD (Charge-Coupled Device) 54 and a video-processor 10 , which 
processes image signals read from the CCD 54, are provided. A 
monitor 32 for displaying a subject image and a keyboard 34 
for inputting character information are respectively 

15 connected to the video-processor 10. The video-scope 50 is 
detachably connected to the video-processor 10. When an 
operation or inspection is started, the video-scope 50 is 
inserted into a body. 

When a lamp switch (not shown)-- is turned ON, electric 

20 power is supplied from a lamp electric power supplier 11 with 
a lamp controller 11A, to a lamp 12. Thus, light is emitted 
from the lamp 12 . The emitted light enters into an incidence 
surface 51A of a fiber-optic bundle 51 via a condenser lens 
14. The fiber-optic bundle 51 is a bundle for transmitting 

25 the light from the incidence surface 51 to the tip portion 
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60. The light that enters passes through the fiber-optic 
bundle 51 and is radiated from the distal end surface 51B of 
the fiber-optic bundle 51. Consequently, the radiated light 
passes through an illuminating lens 52 and illuminates a 
5 subject (observed portion) S.- Further, a forceps tube 5 8 and 
water and air supplying tubes (not shown) are provided in the 
video-scope 50 . An implement (herein not shown) for operating 
is inserted into the forceps tube 5 8 as required. 

Light reflected on the subject S passes through an 

10 objective lens 53 and then reaches the CCD 54 provided in the 
tip portion 60. Consequently, the subject image is formed 
on the CCD 54. In this embodiment, for the color imaging 
process, the on-chip color filter method using single color 
filter array is applied. On a photo-sensitive area of the 

15 CCD 54 (herein not shown) , a color filter array (not shown) , 
checkered by four color elements of Yellow (Y) , Magenta (M) , 
Cyan (C) , and Green (G) , is arranged such that the four color 
elements are opposite • the pixels arranged in the 
photo-sensitive area. In the CCD 54, color image signals, 

20 corresponding to light passing through the, color elements, 
are generated by the photoelectric transform effect. The 
generated color image signals are read from the CCD 54 at regular 
time intervals in accordance with the so called "color 
difference line sequential system'', In this embodiment , the 

25 NTSC standard is applied as the color TV standard, accordingly , 



one field (frame) worth of image signals is read from. the CCD 
54 at 1/60 (1/30) second time intervals, and is then fed to 
an initial signal processing circuit 55. 

In the initial signal processing circuit 55, various 
5 processes are performed for the image signals, so that video 
signals including luminance signals and color difference 
signals are generated. Further, the initial signal 
processing circuit 55 has a CCD driver (not shown) , which feeds 
driving signals to the CCD 54. The generated video signals 

10 are fed from the initial signal processing circuit 55 to a 
latter signal processing circuit 28 in the video-processor 
10, and luminance signals are further fed to a light adjusting 
circuit 23. Synchronizing signals also are fed to the light 
adjusting circuit 23 in accordance with the luminance signals 

15 fed to the light adjusting circuit 23. 

In the latter signal processing circuit 28, various 
processes, such "as an image-outline correction, are performed 
for the video signals . The processed video signals are output 
to the monitor 32 as NTSC composite signals, S-video signals, 

20 and R, G, B component signals. Thus, the subject image is 
displayed on the monitor 32 . 

A system control circuit 22 , including a CPU 2 4 (Central 
Processing Unit) , a ROM (Read Only Memory ) 25, and a RAM (Random 
Access Memory) 26, controls the video-processor 10 and feeds 

25 control signals to the lamp controller 11A, the latter signal 



processing circuit 28 , and so on . In a timing control circuit 
30, clock pulses are output to each circuit in the 
video-processor 10, and synchronizing signals to be 
interleaved in the video signals are fed to the latter signal 
5 processing circuit 28. A program for controlling the 
video-processor 10 and data associated with a light-amount 
adjustment table described later, are stored in the ROM 25 
in advance . 

Astop 16, which is providedbetween the incidence surface 

10 51a of the fiber-optic bundle 51 and the condenser lens 14, 
opens and closes by driving the motor 18 . In this embodiment, 
the adjustment of the quantity of light, which passes through 
the stop 16, namely, the quantity of light which illuminates 
the subject S, is. performed by the light adjusting circuit 

15 23 constructedof aDSP (Digital Signal Processor) . The analog 
luminance signals output from the initial signal processing 
circuit 55 are converted to digital luminance signals in an 
A/D converter (not shown) and are then fed to the light adjusting 
circuit 23. As described later, the subject image formed on 

20 the CCD 54 is divided into a plurality of areas . In the light 
adjusting circuit 23, a segment luminance value is calculated 
for each of these areas on the basis of the input luminance 
signals, and a representative luminance value, indicating a 
total brightness of the subject image, is calculated from the 

25 total of segment luminance values. The light adjusting 

10 



circuit 23 feeds control signals to a motor driver 20 in 
accordance with the representative luminance value. The 
motor 18 drives the stop 16 in accordance with the control 
signals so that the stop 16 opens or closes such that the amount 
5 of light illuminating the subject S becomes constant. 

A scope controller 56, provided in the video-scope 10, 
controls the video-scope 10, namely, outputs a control signal 
to the initial signal processing circuit 55, and then reads 
scope data associated with the video-scope 10, which_ includes 

10 the tip characteristics of the video-scope 10, froifc an EE PROM 
(Electronic Erasable Programmable ROM) 57 . In the scope data, 
the pixel n umb er of the CCD 54, the size of the CCD 54, the 
arrangement relationship between the illuminating lens 52 and 
the objective lens 53, and the position of a forceps outlet 

15 59A, which is at the distal end of the forceps tube 58, are 
respectively stored as data. When the video-scope 10 is 
connected to the video-processor 10, the scope data is fed 
from the EE PROM 57 to the system control circuit 22. In the 
light adjusting circuit 23 , automatic light-amount adjustment 

20 is performed in accordance with the scope data of the connected 
video-scope 50. 

On a front panel 46 of the video-processor 10, a setting, 
switch 46A.for setting the reference luminance value is 
provided. The reference luminance value represents a 

25 standard luminance value in the automatic light-amount 
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adjustment. When the operator operates the setting switch 
46A, an operation signal is fed to the system control circuit 
22 . The reference luminance value data is temporarily stored 
in theRAM26, and is fed to the light adjusting circuit 23 . When 
5 the keyboard 34 is operated to display character information 
on the monitor 32, the operation signal is fed to the system 
control circuit 22. Consequently, a character signaJ. is 
superimposed into the video signals in the latter signal 
processing circuit 28. 

10 Figs . 2A and 2B are views showing the tip portion 60 of 

the video-scope 50 and an image of subject and an implement. 

In general, the arrangement of the illuminating lens 
and the objective lens depends upon the type of the video-scope , 
which is directly related to the organ to be observed. For 

15 example, in the case of the lower digestive tract, such as 
a colon, the radius of the tip portion of the video-scope is 
large. Further, a water transmitting tube for washing or 
staining the observed portion, and water and air supplying 
tubes for washing the objective lens are provided in the 

20 video-scope . The arrangement positions of the illuminating 
lens and the objective lens are influenced by the arrangement 
positions of the water transmitting tube and the water and 
air supplying tubes . On the other hand, in the case of a higher 
digestive tract and bronchi, the radius of the video-scope 

25 - is small. Accordingly, the arrangement positions of the 

12 



objective lens and the illuminating lens are restricted. In 
this embodiment, two types of video-scopes are prepared in 
advance and one of the two types is selectively connected to 
the video-processor 10. One type for the higher digestive 
tract is designated as "type A" , and the other type for the 
lower digestive tract is designated as "type B" . 

In the case of the type A video-scope 50 , the optic-fiber 
bundle forks at the tip portion 60, and the illuminating lens 
52 is composed of two lenses 52A and 52B . .Further., a water 
and air outlet 61 for the water and air supplying tubes is 
formed on the tip portion 60 . The objective lens 53 is arranged 
between the illuminating lenses 52A and 52B,and the 
arrangement of the illuminating lenses 52A and 52B is 
symmetrical with the objective lens 53 (See 
Fig.2A) . Accordingly, the amount of light becomes equal over 
the total of the photo-sensitive area of the CCD 54 . Similarly, 
in the case of the type B video-scope 50, the illuminating 
lens 52 is composed of two illuminating lenses 52A and 52B 
provided in the tip portion 60. However, two water and air 
outlets 61 are formed on the tip portion 60, one is used for 
the water supplying and the other is used for the air supplying , 
and the arrangement of the illuminating lenses 52A and 52B 
is nonsymmetrical with the objective lens 53. In the case 
of the type B video-scope 50, the distance between the 
illuminating lens 52A and the* objective lens 53 is shorter 



than the distance between the illuminating lens 52B and the 
objective lens 53. Accordingly, the area of the total 
photo-sensitive area, which is close to the illuminating lens 
52A, receives the light, by an amount much more than the other 
area . 

In this way, the distribution of the light-amount on 
the photo-sensitive area varies with the arrangement 
relationship between the illuminating lenses 52, and the 
objective lens 53. Therefore, the detectedbrightness of the 
subject image varies with the characteristics of the tip 
portion, namely, the types of the video-scopes. " In this 
embodiment, as described later, the brightness of the subject 
image is calculated in accordance with the tip characteristics 
of the video-scope. 

Further, since the position of the forceps outlet 59A 
varies with the type of video-scope 50, the position of the 
implement tip image, which is displayed on the monitor 32 with 
the observed image, also varies with the type of used 
video-scope. As shown in Fig.2A, in the case of the type A 
video-scope 50, the implement tip image 59 is displayed at 
upper-left position on the monitor- 32 . On the other hand, 
in the case of the type B video-scope 50, the implement tip 
image 59 is displayed in the upper-center position on the 
monitor 32 . The displayed position of the implement tip 59 
depends upon the arrangement relationship between the forceps 



59A and the objective lens 53. When using the implement, in 
this embodiment, as described later, the brightness of the 
subject image is detected while considering the image of the 
metallic implement tip 59 that reflects the light for 
5 illuminating the subject. 

Fig. 3 is a view showing a main routine performed by the 
CPU 24 of the video-processor 10. Fig. 4 is a view showing 
the photo-sensitive area of the CCD 54 seen from the objective 
lens side, seen from the tip side of the video-scope 50 . When 

10 electricpower is supplied, theprocess of the fig . 3 is started. 

In Step S101 , the stop 16 , the lamp 12 etc . , are subjected 
to the initial setting. In Step S102 , it is determined whether 
the video-scope 50 is connected to the video-processor 
10. When it is determined that the video-scope 50 is not 

15 connected to the video-processor 10, Step S102 is repeatedly 
performed. On the other hand, when it is determined that the 
video-scope 50 is connected to the video-processor 10, the 
process goes to Step S103. 

In Step S103, the scope data including the tip 
* 20 characteristics of the video-scope 50 are read from the EEPROM 
57 in the video-scope 50. Then, in Step S104, the division 
pattern of the photo-sensitive area 54A and the values of the 
weighted coefficients for the division areas are defined in 
accordance with the tip characteristics. 

2 5 As shown in Fig. 4, in this embodiment, the 

15 



photo-sensitive area 5 4A of the CCD 54 is divided into 12 areas 
(herein, designated as "area Al", "area A2", "area A3", ... f 
"area A12' ; ) . The twelve division areas Al to A12 are defined 
by radially drawing a boundary line from the center point 
5 CP. Note that, in this embodiment, the pixel number of the 
CCD 5 4 is smaller than the pixel number of the image area of 
the monitor 32. Then, 12 weighted coefficients W(x) (X=l, 
2,..., 12) are set in accordance with the 12 division areas , When 
the video-scope 50 is connected to the video-processor 10, 

10 values of the 12 weighted coefficients W(x) are defined in 
accordance with the type of connected video-scope 50, namely , 
the tip characteristics. The' values of the weighted 
coefficients W(x) are different for each type of the 
video-scope 50, and are stored in advance in the ROM 25 as 

15 light-amount ^ adjustment table data. The total luminance 
value of the subject image is calculated on the basis of the 
segment luminance values corresponding to the 12 division 
areas and the 12 weighted coefficients W{x) . 

As described above , in the case of the type A video-scope 

20 50, since the arrangement of the illuminating lens 52A and 
52B has symmetry, the distribution of the light-amount on the 
photo-sensitive area 54A of the CCD 54 becomes equal in each 
division area. Accordingly, when the type A video-scope 50 
is connected to the video-processor 10, the values of the 

25 weighted coefficients W(x) are set such that all of the values 
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become equal. This indicates that the total luminance value 
is calculated by using so called "average metering" when using 
the type A video- scope 50 . Herein, the values of the weighted 
coefficients W(x) are respectively defined to "1". 
5 On the other hand, in the case of the type B video- scope 

50, the light-amount of the division areas A5 , A6, and A7 is 
less than the other division areas Al to A4 and A8 to A12 , 
because the arrangement of the illuminating lens 52A and 52B 
is nonsymmetrical as described above- (See Fig . 2B). and the 
10 division areas AS, A6 , and A7 are far from the illuminating 
lenses 52A and 52B. Accordingly, the values of the weighted 
coefficients W(5) , W(6) , andW(7) are defined such that they 
become smaller than the values of the weighted coefficients 
of the other division areas, as follows: 

15 

W(x) = 1.2 (X=l, 2, 3, 4, 8, 9, 10, 11,12) (1) 
W(x) =0.8 (X=5, 6,7) (2) 

This indicates that the total luminance value is calculated 
20 by so called "weighted average metering" when using the type 

B video-scope 50. Herein, the division areas except for AS, 

A6, and A7 are designated as "weighted areas 7 '. 

In Step S104, the weighted coefficients W(x) for the 

connected video-scope 50 are read from the ROM 25 in accordance 
25 with the scope data fed from the EE PROM 57, and are then fed 

17 



to the light adjusting circuit 23. Further, in Step S104, 
as described later, area data, corresponding to the 
arrangement of the forceps outlet 5 9A, is fed from the. ROM 
25 to the light adjusting circuit 23 in accordance with the 
arrangement data of the forceps outlet 59A, which is included 
in the scope-data. After Step S104 is performed, the'process 
goes to Step S105. 

In Step S105, it is determined whether the video-scope 
50 has been detached from the video-processor 10 to connect 
another type of video-scope. When it is determined that the 
video-scope 50 has been detached from the video-processor 10, 
the process goes to Step S102 . On the other and, when it is 
determined that the video-scope 50 has not been detached, the 
process goes to Step S106, wherein other processes, such as 
a process associated with the keyboard 34 and time display 
are performed. After Step S10 6 is performed, the process 
returns to Step S105. Steps S102 to S106 are repeatedly 
performed unless the main power switch is turned OFF. 

Fig . 5 is a view showing an interrupt routine associated 
with the automatic light-amount adjustment process performed 
in the light adjusting circuit 23. This interrupt routine 
interrupts the main routine shown in Fig. 3, and is performed 
at 1/30 sec time-intervals, which corresponds to the scanning 
time. Note that, herein, the luminance level obtained for 
each pixel is divided into 256 levels (stages) , and the range 
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of luminance values is set to the range from 0 to 255. 

In Step S201, it is determined whether halation 
generation variable "KM" is 0 . "When using a metallic implement 
during an operation, the tip portion of the implement pro j ects 
5 from the forceps outlet 59A, so that a specific area, in which 
the implement tip image 5 9 is displayed, among the 12 division 
areas has a high luminance value due to the reflection of light 
from the implement . Thus , a white color portion is generated, 
namely, a halation is generated in the monitor _32 . The 
• 10 halation generation variable "KM" is used in a situation where 
a halation is substantially generated. As described later, 
when a halation is generated by using an implement , the halation 
variable "KM" is set to "1", whereas the halation variable 
"KM" is set to "G" when a halation is not generated. When 

15 it is determined that the halation generation variable is 0, 
'the process goes to Step S202, wherein a normal light-amount 
adjustment process is performed. 

Fig . 6 is a view showing a subroutine of Step S2 02 in 
Fig. 5, In Step S301, the division areas and the division 

20 number D are set in the light adjusting circuit 23. In this 
embodiment, the twelve division areas Al to A12 are set as 
shown in Fig . 4 , and the division number D is 12 . In Step S302 , 
the reference value V re f, which is a preset value or a value 
set by the operator, is read from the RAM 25. Herein, the 

25 reference value V ref is set to "128" . In Step S303 , the values 
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of the weighted coefficients W(x) (x=l to 12) are set in 
accordance with the weighted coefficients data fed from the 
system control circuit 22. In the case of the type A 
video-scope 50 , all of the values of the weighted coefficients 
W(x) are set to "1". On the other hand, in the case of the 
type B video-scope 50 , the values of the weighted coefficients 
W(x) are set in accordance with the above formulae (1) and 
(2) . After step S303 is performed, the process goes to Step 
S304. 

In Step S30 4, the segment luminance values A(x) (x=l, 
2, ... , 12) , which indicate the representative luminance value 
in the corresponding division area, are calculated. Each 
of the segment luminance values A (x) is obtainedby calculating 
the sum of the luminance values for each pixel and dividing 
the sum by the number of pixels constructing the subject 
image . In Step S305 , theproducts of the weighted coefficients 
and the segment luminance values "W(X) x A(x) " are calculated 
for the 12 division areas Al to A12 , and a luminance sum SUM 
(= I W(x) x A(x) , x=l, 2, 12) is calculated. 

In Step S30 6, the luminance sum SUM is divided by the 
area number D (=12) , so that the total luminance value V r/ 
which is the representative luminance value indicating the 
brightness of the total subject image, is calculated. After 
Step S306 is performed, the process goes to Step S307. 

In Step S307 , a luminance difference AV between the total 



luminance value V r and the reference luminance value V ref is 
calculated. In Step S308 , a control signal is fed to the motor 
driver 20 in accordance, with the luminance difference AV . Thus , 
the stop 16 is driven by a given amount corresponding to the 
5 luminance difference AV. After Step S308 is performed, the 
process returns to Step S202 in Fig, 5, and goes to Step S204. 

On the other hand, when it is determined that the halation 
generation variable KM is 1 in Step S201 shown in Fig . 5 , namely, 
a halation has been generated, the process goes to Step S203 . 

10 Fig. 7 is a view showing a subroutine of Step S203 in 

Fig. 5. The performance of Steps S401 to S403 corresponds to 
the performance of Steps S301 to S303 in Fig. 6. Namely, the 
division areas Al to A12 , the area number D, and the weighted 
coefficients W(x) are defined. In Step S404, for the forceps 

15 area AK among the twelve division areas Al to A12 , the value 
of the weighted coefficient W(e) is set to "0". Note that, 
the forceps area AK indicates the specific area, in which the 
implement tip portion 59 is displayed. For example, in the 
case of the type B video-scope 50, since the implement tip 

20 image is formed in the division area A2 , the division area 
A2 is set as the forceps area AK and the weighted coefficient 
W(e=2) is set to "0". On the other hand, in the case of the 
type A video-scope 50, since the implement tip image is formed 
in the division area A4 , the division area A4 is set as the 

25 forceps area AK and the weighted coefficient W(e=4) is set 



of luminance values is set to the range from 0 to 255 . 

In Step S201, it is determined whether halation 
generation variable "KM" is 0 . When using a metallic implement 
during an operation , the tip portion of the implement pro j ects 
from the forceps outlet 59A, so that a specific area, in which 
the implement tip image 59 is displayed, among the 12 division 
areas has- a high luminance value due to the reflection of light 
from the implement. Thus, a white color portion is generated, 
namely, a halation is generated in the monitor" 32 . The 
halation generation variable "KM" is used in a situation where 
a halation is substantially generated. As described later, 
when a halation is generatedby using an implement , the halation 
variable "KM" is set to "1", whereas the halation variable 
"KM" is set to "0" when a halation is not generated. When 
it is determined that the halation generation variable is 0, 
the process goes to Step S202, wherein a normal light-amount 
adjustment process is performed. 

Fig. 6 is a view showing a subroutine of Step S202 in 
Fig. 5. in Step S301, the division areas and the division 
number D are set in the light adjusting circuit 23. In this 
embodiment, the twelve division areas Al to A12 are set as 
shown in Fig. 4, and the division number D is 12 . InSte P S302, 
the reference value V ref , which is a preset value or a value 
set by the operator, is read from the RAM 25. Herein, the 
reference value V ref is set to "128". In Step S303, the values 



ighted coefficients "<*> <*= ltol2) aresetin 

o£ the weighted ths 

dance wi^ the weighted coefficients data 
accordance *iu 

.,.22 in the case of the typ 
svs tem control circuit 22. 
* , ' Q £ the weighted coefficients 

etto n, On the other hand, in the case of the 
w / x \ are set to J- - 

, .fthe weighted coefficients 
A =;n the values of the weigi 
typ e B video-scope 50 , 

the above formulae \±) 

W (x) are set in accordance with 

• ■ , ~A the process goes to Step 
<=^m is performed, tne 
After step S303 is P« 



(2) • 
S304. 
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<™ e nt luminance values X(x) 
rn st ep S304, the segment lum 

. A . ate the representative luminance value 
5 12) , which indicate tne rep 

' " a are calculated. Each 

in the corresponding division area, 

lu es A(x) is obtainedbv calculating 
of the segment luminance values A(x) 

values for each pixel and dividing 
thesum of the luminance values 

* pixels constructing the sub 3 ect 
the sum by the number of pixels 

XnSte P S30S, the P todu=ts of ..weighted co.ff~.n * 
and the segment luminance values "W (X) x A (x) " are calculated 

41 _ Al2 and a luminance sum SUM 
for the 12 division areas XI to X12 , 

- o 12) is calculated. 

(= 2 W(x) x X(x) , x=l, 2, 

~ cttm is divided by the 
in Step S306, the luminance sum SUM is d 

K D ,. 12) so that the total luminance value v., 
area number D (-12) / 

ntative luminance value indicating the 
which is the representative 

« the total subject image, is calculated. After 
brightness of the total 

* ed the process goes to Step S307 . 
Step S306 is performed, the p 

^ ^-i fference AV between the total 
in Step S307 , a luminance dif £ erenc 
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d the reference Imminence value V s . t is 
finance value V, and the re 

.alculated. ln Step S30S , a control sagnal ~, ^ 
dli «r 2 0 i na==orcance. i tntnel- i nance di «erencenV * . 

v, , civen amount corresponding to the 
th. stop IS is driven by a gxven 

*v After Step S308 is performed, the 
finance difference AV, Af oSWpS20 , 

*.„ ester, S202 in Fig . 5 , ana g° 
returns to Step 

process r j r >, a tthehalation 

v an itis determined that tne n* 
On the other hand, when it is 
9e neretionvariahle KM islinStepS 2 01sho»nin,ig. 5 n^ 

, t .d the process goes to Step S203. 
a h alation has heen generated, 

Fig , is a view showing a sumroutme of Step 

f orman=e of Steps S401 to S403 corresponds to 
via 5 The performance oj. 

0 fStepsS301toS303 in,ig. = . Namely, the 
th e performance of Steps and tt9 weighted 

4i , i!iM areas ml to A12 , the area aumher ' 

. „ r n Step S404, forth, forceps 
coefficients WO) are defrned. In Step 

,,„»s Al to A12, the value 
<■>,. twelve division areas 
area AK among the twelve 

4- "0" Note tnat, 
of the weighted coefficient W(e) is set to 0. 

a ^ indicates the specific area, in which the 
the forceps area AK indie 

.•on 59 is displayed. For example, m the 
implement tip portion 59 

„ 50 since the implement tip 
case of the type B video-scope 50, 

. d in the division area 12. the division area 
j image is formed in the a 

A2 is set as the forceps area AS and the weighted coefficiwt 
st e=2, is set to -0, On the other hand, — ~ «^ 

De 50 sine the implement tip image as formed 

i ■ as the 

3V4 the division area A* 
in the division area A4 , 

f „ceps area AK and the weighted coefficient «0-<> is ^ 
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n^tmd with the forceps area AK is 
to « 0 ". Forceps Data associated wx 

read from - — . « - - - is th *° £ad h I 

• t 23 in addition to the wexghted 
light adjusting cxrcuxt 23 xn 

„■„ ^ After Step S405 

lls performance o, Steps S« 6 to S<10 corresponds 

"of S tepsS304toS308inFi 9 .». * 
the performance cf Steps 

t „ v is calculated, and the stop 16 
total luminance value V r rs 

driv en in accordance with the finance dxfferen 

val neV E and the reference luminance value 
the total luminance value V E a 

, • for the calculation of the total lumxnance 
V«£. At this time, for tne c 

4. of the segment luminance value X(x-) 
value V«, the products of the segm 

coefficient W(e) become 

and the corresponding wexghted 

,.10 is performed, the process returns to 
« 0 ». After step S410 xs perio 

Qreo S204 in Fig . 5 . 
Step S203 and goes to Step ^ 

ln Step S 2M , it is determined .hether the segment 
finance vain. Mm, correspond to the forceps area « rs 

, rallie vb. The boundary 
, lar 9 er than e houndar* luminance value Vh 

finance value Vh Is a threshold value — ~ 
halation. When the segment luminance value Mm, is larger 
then the houndar, luminance value Vh, it is regarded that 

*.A due to the implement tip portion 
halation has been 9 «nerat.d due to 

59 . Be rein, the bounder* luminance value Vb is set to • 
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• a that the segment luminance value 
When it is determined that the 

, forceps area AK is larger than the 

A( x) corresponding to the f creep 

• ce va lue Vb in Step S204, namely, the forceps 
boundary luminance value v 

j v - 4-v e other division 
« ma r-kablY bright compared to the 
area AX is remarfcanxy « 

s to Step S205, wherein the halation 
areas, the process goes to Step 

4. Vo «i» Consequently, m the 
generation variable KM is set to • 

tine the process goes from Step S201 to 
next interrupt routine, the p 

, it is determined that the 

Ste pS203. On the other hand, when it is 

se gment luminance value A U> corresponding to the Creeps area 
„ is not large, than the — ^ance value Vb , namely 
t he implement is not being used, the process goes to Step 
serein the halation generation variable KM is set to 
, 0 . consequently, in the next interrupt routine , theprocess 
goes from Step S201 to step S202. When Step S205 or Step S20S 

is performed, this interrupt routine is terminated. 

j „« n t the scope data including 
in this way , in this esiodiment , the P 

the tip characteristic, ate t.ad from «- EEPROM in hhe 
vid .c-sccpeS0, and the weighted coefficients**, ate defined 
in .ccctdanc. with the sccpe-data . «- weighted coefficient 
da ta ate fed tc the light acting circuit „. and then the 
3 egment luminance value. Mr, and the tctsl luminance value 
Vs «. calcniated. «- step IS is ccnttcll.d in accordance 
vi th the luminance difference 4V. 

In the case cf the type B video-scope SO, the values cf the 
5 ..^coefficients. <5, ,«<•> , -«P> ate set tc smaller values 



^nmarsd to the other weiy" 
comparer to . t i luminance 

v Hi) Thus , the proper to tax 

^ • of the subject image 

lua v is calculated so that the brightness 
V • , use in the case of the type A 

. t w . )are 
• . all of the weighted coefficients *(*) 
video-scope 50 , since all of t 

~ „,i ue v. is calculated. 
_ luminance value v r 

«. "1" the proper total iuuu. 
set to x , u** i s 

4- rte forceps area d ata iS 
this embodiment, the rorc f 
Further, « this ea^ 

, • then fed to the light adjustment 
re adfromthe EE P*OM57andisthenfe 

. . t 23 " Then, the weighted coefficxent .(»> 
circuit 23. ,„.. Thus, the 

corresponding to the forces area AK 

value V e is calculated even when using 
proper total luminance value V r 

the implement. 

of video-scopes connectahle to 
Other types of 

- - - — - — - * ddit :;; t : 

• t . ^ the pterin, ..thod corresponding 
coefficients, namexy, 

th. tip characteristic, need to bo defined. 

Kt a coefficient data »av he stored in the E EP*0M 
The weighted coefficien 

me so in place of the ROM 25 in. the 
57 of the video-scope 50 m P 

rte weighted coefficient 
in In this case, the weigu. 
0 video-processor 10. » * 

cats is direct* reed hV - video-processor 10 . 

Th e ii^instin, ,»= " « - — d " " 

valua vr may be calculated by other 
lens. The total luminance value Vr y 

, • n olace of the above calculation method 
calculation methods m place 

^ scment luminance values A (x) may also 
25 (S tepS306,S408). The segment lum 
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plated by other calculation methods. 

,ixel number of the CCD 54 xs 
In this embodiment, the pxxel n 

, _ the image area of the monitor 
waller than the pixel number on the xm g 

^ r is larger than the pixel number 
32 when the pixel number is larg 

a ^ eas are defined on the basis 
the division areas axe 
of the image area, tne 

« a -r<aa of the monitor, 
of i»age to ^displayed on «h. ~- — 

in pl.=. o, th. pho t o-sen S itiv. -a 54X. 

_ a onr io, however, an 
a in the video-processor i«. 
are provided m " e 

apparatus and an independent signal 
independent light source apparatu 

process apparatus may be provided. 

,inali y ,,t W iH be understood b, those silled m the 

art that the foregoing description is of preferred embodiments 

, a „„ s and modifications may 
that various, changes ana. » 
of the device, and that va 

be »ada to ^ — — — — — 

spirit and scope thereof. 

elates to subject matters 
The present disclosure relates 

- Plication No. 2001-304873 
contained in Japanese Patent Applxcat 

o tober 1 2001) which is expressly incorporated 
(filed on October l, 

4n its entirety, 
herein, by reference, « xts 
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CLAIMS 



, „ electronic endoscope naving a video-scope wit* an 

im age SSM « ^ a ^o-P— ^ ^ ^ ^ 

w o£ a plurality of — Md 

,1 to said video-processor, said 
selectively connected to 

electronic endoscope comprising: 

a light source that emits light; 

i „ that is provided in the tip of said 
an illuminating lens that is pr 

;+.= fha liaht to a subject; 
video- scope and transmits the ixg 

that is provided in the tip of said 
an objective lens that is p^ 

vid ae-scope - forms a su^.ct — — ^ "" 0r; 

an «.P— , ^ S e n «- finance signals from 

i„age signals read fro. said image sensor; 

. tip characteristic detector that detects tip 
characteristics corresponding to a type of said video-scope, 

th e .p c—- — - "< " ta,,9eMnt 

< * objective lens and said illuminating 
relationship between said objective 

lens ; 

. ..taring setter that defines a plurality of division 
aI .as hy dividing the total area of the sum 3 ect image into 

of areas and sets a plurality of weighted 
a plurality of areas 

*.-hm nluralitv of division areas , 
coefficients corresponding to the plurality 

in accordance with the tip characteristics; 

a luminance calculator that calculates a plurality of 



3eg »ant finance — — ~— " the pl " ality of 

vision areas, - — * total -inane. — 

^ o-F the subject image, by 
indicating a total brightness of 

ch o£ the plurality of the segment luminance 
multiplying each of tne pi 

coefficient among the 

values by a corresponding weighted 
plurality of weighted coefficients; and 

a ligh t-a»ount adjuster that adjusts a guantity of light 

planting the suh 3 ect in accordance with the total 

luminance value. 

2 Ih . electronic endoscope of clai* 1. wherein said 

..tering setter assigns high-lu»inanc. weighted coefficients 
to Kigh-lu.in.nce areas that have higher segment finance 
values relative to the other division areas, due to the tip 

_ aa n€ the high-luminance weighted 
characteristics, the values of the n g 

v • uraer than the values of the weighted 
coefficients being larger tnan 

coefficients for the other division areas, and 

.herein said luminance calculator performs a weighted 
ave rage metering bv setting said nigh-luminance areas as 
weighted areas . 

~* claim 1, wherein said 
3 The electronic endoscope of claim l, 

..taring setter set, the values of the weighted coefficient, 

„ sa*. values in accordance with the tip characteristics, 

and 

herein said luminance calculator perfor-s an average 
..taring to calculate the total luminance value. 
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„ £ claim 1, wherein said 
4 T he electronic endoscope of 

ose dof two lenses and said objective 
illuai nating lens is composed of tw 

lens is a single lens, and 

• the arrangement relationship -eludes 
wherein the arw y 

a- no the Position and the distance of said 
relationship regarding the p 

, ative to said two lenses, 
nh-iective lens relative 

tio of said video-scope, 
a forceps outlet formed m the tip 

. the arrangement relationship -eludes 
wherein the arrany 

,. M the position of the forceps outlet 
relationship regarding the po 

a « a id illuminating lens , 
relative to ..id elective 1» S and said 

■ „ ,.tter defies a forceps area, 
.herein said metering setter 

• . -llsolaYed, from the plurality 
in which an implement image is display 

. • area, in accordance with the tip characteristics , 
of division areas in *<= 

ralcu iator determines whether 
wherein said luminance calculat 

j ■ r, -i->,o forceps area is larger 
as9g me»tlu»inancevalueo b tainedi»thefor 

. va lue corresponding to a halation 
than a boundary luminance value 

,1 viator calculating the total 
g eneration , said luminance calculate 

finance value on the hasis of division areas ercept f o . 
f oreeps area .hen the segment luminance value is larger 
the boundary luminance value . 

o-f claim 1, wherein said 
The electronic endoscope of claim 
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= = vhe subject image. 
getter radially divxdes the s^] 
- teIing f claim X , further comprising 

- The electronic endoscope of claim 

7< . a series of weighted 

„ .efficient memory that stores a sen 
a weighted coef f icie , . ^ o£ weighted 

tfalues of the plurality of weig 
efficient data having values o 

d - na to the plurality of video-scopes , 
fficie nts corresponding to tn P 
5 coefficien ^ weighted 

wherein said metering setter 
effici entdatacorrespondingtothetipcharacteristicsfrom 

" s of lighted coefficient data and defines the values 

the series of weig^ 

- weighted coefficients, 

orthe.weig furtne r comprising 

n 8 Tne electronic endoscope of claim l,f 

10 v in said video-scope that stores 

a tip characteristic memory m said 
the tip characteristics as data, 

• aid tip characteristic detector detects the 
wherein said tip 

** na the tip characteristics. 
, . a Kcs bv reading tne i-^-f 
tic characteristics 

ti = adjust-ent apparatus for an 

, c q An automatic lign^ 

. aid electronic endoscope having a 
electronic endoscope, said 

• aae sensor and a video-processor, said 
video-scope with an image senso 

of a plurality of connectable 
video-scope being one of 

es and being selectively connected to 
video-scopes and ive lens 

so r said video-scope having an ob.ecti 
?n video-processor, saio. v.,-** 

, in the tip of said video- scope, light 
and an illuminating lens in the tip 

• ting a sublet being radiated from the tip via 
for illuminating a suej 

• le ns light reflected on the subject being 
said illuminating lens , Hg 

S ensor via said objective lens, said 
directed to said image sensor v 

«. dustmen t apparatus comprising, 
automatic light-amount ad 3 ustm 



25 

29 



.0 



=,.tes luminance signals from 
an image processor that generates 

, ™,d from said image sensor; 

SignalS " ¥ r ^nt detects tip 

, characteristic detector that 

> r acteristi=s corresponding to a t,pe of said video-scope, 
t ristics including at least the arrangement 
re lationshipbetveensaidcb:ect 

lenS '' T^ralitv of division 

that defines a plurality o 
a metering setter tnau 

* area of a subject image into a 

areas bv dividing the total area 

d sets a plurality of weighted 
i««litv of areas and sets 
" di n. to the plurality of division areas , 

coefficients corresponding to th p 

dance with the tip characteristics; 
^ Trice calculator that calculates a plurality of 
_nt luminance values corresponding to the plurality of 

, a total luminance value 

.reas, and calculates a 
division areas, 

^ • , tna ss of the subject image, by 
indicating a total brightness 

ch of the plurality of the segment luminance 
multiplying each of tne p 

,. na we ighted coefficient among the 
values by a corresponding weig 

.^.-d coefficients; and 
plurality of weighted co 

t adjuster that adjusts a quantity of Ixgbt 
a light-amount adjuster 

H . ct m accordance with the total 
iHuminating the subject 

luminance value. 

• endoscope having a video-scope with an 
in An electronic endoscope 

anr said video-scope having 
iB age sensor and a video-processor , 

, a nd an illuminating lens in a tip portion , 
an objective lens and an n 
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sa i= electronic endoscope comprising: 

. „ calculator — — 5 ^ " tal 4 
s , ]Kt ^ into . P— - — — "* 

.eighteo areas to the plnralit, - — — - 

■ = o-f said video-scope, whicn 
wit h the tip characterxst.es of 

places at least the arrant relationship het.eec saro 

elective leas ano said Ul— «- — - — *~ ' 

, .of the subject image by putting priority 
total luminance value of the am 

on the weighted areas relative t, the ether areas 

a lig ht-a»o»nt adjuster that adjusts a guantitv of lr,ht 
iU » iM U, the suhject in — — - — 
luminance value. 
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ELECTRONIC ENDOSCOPE WTTH ^HT-AMOONT >WS^ »^ 

ABSTRACT OF THE DISCLOSURE 

^ ^ -a video-scope with an image 
An electronic endoscope has a vxrieo sc P 

The video-scope has an 
sensor and a video-processor. The 

objective leas and an illuminating lens in a tip 
portion. —her, the electronic endoscope has a lu-inan=e 
calcniator and a light-amount adjuster. The luminance 
calculator divides the total area of a subject image into a 

j flf ; nes weighted areas from the 
plurality of division areas, defines weig 

plurality of division areas in accordance with the tip 

characteristics of the video-scope, and calculates a total 

finance value of the subject image by putting priority on 

• «>,f 0 rf areas relative to the other areas . The 
predetermined weighted areas r eia <-.». 

Ught-amount adjuster adjusts the quantity of light 
illuminating the subject in accordance with the total 
luminance value . 
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